The principal aim of all welding technologies is to create perfect welded joints the properties of which are similar to those of a homogenous base material (Balla, 2013) . Problems with general weldability of materials can be reduced or fixed by proper selection of materials to be welded, by proper technology and by implementation of certain constructional modifications necessary for successful welding (Žernovič et al., 2006) . It means that weldability is influenced by three interconnected factors -material, technology and construction. These three factors cannot be considered separately but always in complexity (Hrivňák, 2009) .
The valid norm defines the weldability as a complex characteristic of material which determines its technical suitability for joints of demanded quality. Weldability refers to the whole welded joint, not only to basic material (Kaloč and Beneš, 2009) .
Nowadays, we know many technological methods of welding as a result of the development of new materials and technologies. Welding should be treated as an inseparable part of industrial production and reparation (Krchnák et al., 2011) .
Used high-quality alloy steels contain large amounts of various elements and their presence influences the weldability (Turňa, 1989) . In our paper, we deal with the problem of welding the manganese steel HS 20, which represents a high-quality alloy and which requires more attention (Tolnai, 2000) .
According to our experiments, we want to propose an appropriate welding technology of manganese steels to be used in the abovementioned industrial plant.
Obtaining a perfect welded joint the properties of which are similar to that of a homogenous basic material is rather difficult because of the presence of various alloying adulterants. These adulterants significantly change the properties of welded metal (Balla, 2003) .
In our research work, we investigate the properties of structural steels alloyed with manganese. Manganese positively influences the mechanical and abrasion-proof properties of such steels. The manganese steel contains minimally 0.9 % of Mn. These steels are very tough and nonmagnetic materials with difficult weldability.
Surfaces of welded joints were formed into I-shaped welds. The basic material was the steel HS 20, defined according to the norm BS 1449-1.1:1991. Its thickness is 3.30 mm. The analysis of the chemical composition of HS 20 was carried out by the CORUS company and is shown in Table 1 . Mechanical properties of HS 20 according to the norm BS 1449-1.1:1991: limit yield value Re = min. 340 MPa, ultimate strength value R m = min. 460 MPa and ductility A 5 = min. 18 %.
In order to obtain high-quality welds, the selection of appropriate welding technology and equipment is essential (Kováč et al., 2005) . We have chosen two economically accessible and comparable technologies. For these technologies, we took proper filler materials and set the corresponding parameters of welding.
For the welding technology MIG/MAG, we used the welding unit STEL HI-MIG 500P with the wire feeder STEL Acta technologica agriculturae 4 Nitra, Slovaca Universitas Agriculturae Nitriae, 2013, p. 99-102
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TOP 504-A (Fig. 1) . Here, we worked with a two-component mixture of carbon dioxide and argon in ratio 82 % Ar and 18 % CO 2 . The filler material was EN 440: G 46 4 M G3Si1 (SG 2 for MAG) with diameter d = 0.8 mm.
The welding technology TIG used the universal welding equipment TIGER 210 AC/DC (Fig. 2) 
Visual test of welded joints
This test was carried out and evaluated in accordance with the norm EN ISO 5817 Class 'B' at all samples of welded joints. The evaluation of the MAG (Fig. 4) technology showed visible pores, and the whole root was welded thoroughly. This method of welding created visible deformities and unevenness of welds, which require further elaboration.
The TIG technology created welds without crevices and pores (Fig. 5) . The root was thoroughly welded, and in this case, deformity was the lowest. The thickness of the material HS 20 (3.3 mm) did not allow us to avoid deformation while fixing the sample. 
Capillary test of welded joints
The capillary test was carried out in conformity with the EN ISO 3452-2 norm for detection of surface crevices with the aid of penetrant by the method TEST-70-9802 where the temperature of the surface was 18 °C. The penetration time was 15 minutes, and then the detection substance was applied for next 5 minutes to show defects on the surface of the weld. Both technologies TIG and MAG were subjected to the capillary test. On the surface of the TIG and MAG welds, there were surface crevices detected and hence they were evaluated as unacceptable.
X-ray test of welded joints
The X-ray test of welded joints was evaluated in accordance with the EN 12517/1 norm and has revealed internal nonhomogeneities of the material. We used an X-ray sensitive film to visualize the defects.
The welded joint obtained by the MAG technology was divided into three areas where weld defects were identified on the X-ray film. In one area, we found pores and cold weld marks in the extent that does not comply with the EN 12517/1 norm. The welded joints obtained by the TIG technology were also divided into areas (Fig. 6) . In this case, all areas met the required criteria and proved the suitability of this technology in practice.
Transverse tensile test
This test serves as a basic test for examination of mechanic and plastic characteristics. By this test we found the tension characteristic -the ultimate strength value R m in MPa. The test was carried out in accordance with the STN EN ISO 4136:2011-09 norm by the machine EU 40. The measured values are listed in Table 4 . The result of the transverse tensile test for the sample 822-12 TIG is shown in Fig. 7 .
Fracture test
The principle of this test is in plastic deformation of the welded joint by a loading wedge up to the prescribed angle of deflection or up to appearing of ruptures visible without magnification (STN EN ISO 7438:2006-01; Brziak et al., 2003) .
The fracture test was carried out in accordance with the STN EN ISO 5173:2010-10 norm using the machine EU 100. Welded joints were tested from the root side (RBB). The results are listed in Table 5 .
figure 5
Weld obtained by the TIG technology 
Conclusion
The welding of manganese steels can be done by different technologies (Tolnai, 2000) . In our research, we compared the suitability of the technologies MIG/MAG and TIG for welding the material HS 20 defined by the norm BS 1449-1.1:1991. The results of the tests expressly confirmed the fact that the proper selection of suitable welding technology and the amount of heat given to the joint significantly influences the quality of welds of manganese steels (Krchnák et al., 2011) .
The first presumption that the TIG welding technology is the most suitable for manganese steel welding was the result of the visual test. There were no visible welding pores, the root was perfectly welded and the superelevation was the most adequate. When the MIG/MAG technology was used, pores were visible. Irregularities of superelevation were also found as unacceptable compared to the TIG technology.
The capillary test of the whole comparison confirmed that the technologies TIG and MIG/MAG are not acceptable for welding manganese steels. By means of penetrant, there were crevices found on the surface of joints.
The X-ray test confirmed the results obtained by the capillary test for the MIG/MAG technology. We observed visible pores, partly molten edges and cold weld marks. The TIG method, based on the X-ray film, appears to be the most suitable method for welding the material HS 20; however, it is necessary to define the parameters of welding and improve the skills of welders.
When evaluating the transverse tensile test, after the ultimate strength values obtained had been processed and compared to the defined value in accordance with the BS 1449-1.1:1991 norm, where Rm = min. 460 MPa, it was found that all obtained measured values were higher than 460 MPa. It means that the samples of joints meet the requirements of the given norm.
The material HS 20 is difficult to be welded, and when it was subjected to the fracture test, the TIG and MAG welds were found to be suitable.
Following the exact welding procedures, carrying out the tests in accordance with the given norms and the evaluation of all results led to the conclusion that the most suitable method for welding the material H20, with the minimum heat influence on the material, with the lowest level of deformation and acceptable mechanical attributes, is the TIG technology.
